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Determination of c;,d;,ex, fi

The constants cy,dy, ey, fr can be determined from the gene sequence and genetic
code. However, the values of these constants and random variables X are am-
biguously defined in cases where genes have several alternative transcripts, and
where some base pairs belong to different codons in alternative transcripts. For
example, some exons have different reading frames in different transcripts of the
same gene, thus a base pair can be placed in a different position within a triplet
codon in alternative transcripts. Also, when an exon ends within a codon, that
codon may change when the exon is spliced with an alternative exon starting with
different base pairs. When a codon of the base pair changes, the result of the mu-
tation on that base pair can become different, that is, the same mutation can be
nonsilent in one transcript and silent in another. Therefore, the value of the ran-
dom variables,X j; and the constants c,dy, e, fi may differ depending on which
transcript the base pair is assigned to.

In such cases, we follow the annotation rules of the corresponding dataset. For
example, Ding et al. (2008) considered a mutation as nonsilent if it is nonsilent
in any transcript. Therefore, when we apply our method to their dataset, if the
value of Xj; can take both sts and nts or stv and ntv depending on the transcript,
we determine its value to be nts or ntv. Accordingly, we assign to e; and f; the
maximum of the set of values that they can take. On the contrary, we assign to ci
and d; the minimum of the set of values that they can take.
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Derivation of the method of moments estimates 7, p,,

Here, we describe the process of deriving the method of moments estimates 7 and
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By dividing the equation(2) with (1) and (4) with (3), we obtain the following

equations.
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Therefore, a natural method of moments estimate for r is
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If we add the equation(1) to (2) and (3) to (4), we obtain the following equations.
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Derivation of F;;(x)

Let W;; be the number of nonsilent mutations that occurred in gene i and sample
j and Tj’k be the score of the mutation occurring in position k and sample j. Then,
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Results for the refined background mutation model

We separate the rates of mutations according to the mutation types (transition or
transversion), base pair types (A : T or G : C) and their context (CpG dinucleotide
contexts). However, we did not separate the rates of the two types of mutation for
each transversion: A: T — C:G,A: T — T : A for the transversion at A : T and
C:G—A:T,C:G— G:C for the transversion at C : G in non CpG or in CpG.
As discussed in section 4 of the main manuscript, we have modified the method



Table 1: Result for simulated data

Sample Cutoff Average Original New Ding’s
variation “ number method method method
TP 12.9 13.6 9.9

Moderat 0.005 FP 1.3 1.8 1.7
oderate 001 TP 149 154 117

’ FP 3 3.7 3.4

TP 13.4 14.1 99

Hich 0.005 FP 0.2 0.4 2.0
g 001 TP 15.1 157 117

’ FP 0.6 1 3.9

TP : true positives, FP : false positives

so that each of them has a separate mutation rate. This increases the number of
parameters by 3. We applied this new method as well as our original method
and Ding’s method to the simulated data generated described in section 3.1 of the
main manuscript. For 200 repeated simulations, we calculated the average number
of true and false positives for the three methods and presented them in Table 1.
It shows that the new method increases true positives as well as false positives
compared to the original method.
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